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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to pumps and
more particularly to centrifugal blood pumps without the
requirement of a rotating seal to protect the pump bear-
ings from the pumped blood.
[0002] Delicate surgical procedures require that the
site of surgery remain motionless during the surgical
process. This made early heart surgery difficult to im-
possible as interruption of the heart's pumping action for
the required length of time would be invariably fatal.
[0003] During the 1960s, prolonged and non-fatal
stoppage of the heart became possible by use of newly
developed "heart-lung" machines. These machines
consisted of a mechanical blood pump combined with a
blood oxygenator. They were capable of taking over the
function of the natural heart and lungs for periods of up
to several hours, enabling the development of tech-
niques leading to today's extensive practice of open-
heart surgery.
[0004] The first practical mechanical blood pumps
used were peristaltic or "roller" pumps. The pumping ac-
tion of a roller pump derives from the compression of a
section of the flexible plastic tubing which carries the
blood through the heart-lung machine. A moving roller
presses the tubing against a semicircular platen, moving
the blood forward in the tubing. The speed of the moving
roller and the diameter of the tubing control the rate of
blood flow.
[0005] Although the roller pump was and is simple and
reliable, it has two characteristics which can endanger
the patient undergoing surgery. First, if flow is inadvert-
ently obstructed, the pressure produced by a roller
pump may exceed the bursting strength of the tubing
circuit. Second, if air is accidentally introduced into the
tubing circuit, it will be pumped to the patient along with
the blood. Either of these conditions may result in seri-
ous or fatal consequences to the patient.
[0006] In 1976, centrifugal blood pumps began to re-
place the roller pump as the "heart" of the heart-lung
machine. The pumping action of a centrifugal pump de-
rives from the rotation of an impeller within a pumping
chamber. Pump pressure is controlled by the rotational
speed of the impeller. At operational speeds, excessive
pressure cannot be produced. Additionally, the centrif-
ugal forces in the pump form a natural air trap and, with
massive introduction of air, deprime and discontinue
pumping altogether. These two safety features, and the
lower blood damage caused by these pumps, is now
widely recognized, and has led to their extensive use for
open heart surgery.
[0007] In the early 1980s it was demonstrated that a
mechanical blood pump could be used as a heart-assist
pump for patients who could not be separated from the
heart-lung machine following surgery. The readily avail-
able centrifugal blood pumps were quickly applied to this

situation as well as to the more routine use during heart
surgery.
[0008] The fragility of the blood presents several prob-
lems for the design of mechanical blood pumps. Exces-
sive shear forces cause rupture of the red blood cells
(hemolysis). High flow velocity rates are needed over
local areas of friction (such as seals) to prevent points
of high temperature which cause blood damage and the
accumulation of clot deposits.
[0009] Application of rotational impeller motion by
conventional shaft drives has not been practical due to
the need for a sterile barrier between the pumped blood
and the pump drive mechanism. For this reason, cen-
trifugal blood pumps commonly utilize a magnetic cou-
pling between the pump impeller (or impeller shaft) and
the drive motor.
[0010] Previous centrifugal blood pumps have relied
on conventional ball bearings to support the impeller
shaft. A rotating seal was used to protect the bearings
from contamination by the pumped blood. Some centrif-
ugal blood pumps utilized magnets carried by the impel-
ler, which was supported by bearings mounted on a sta-
tionary shaft. A shaft seal was also required to protect
the bearings from contamination by the pumped blood.
[0011] Due to the corrosive nature of blood, shaft
seals usually fail after a relatively short time, exposing
the bearings to contamination. If the failure is not detect-
ed, bearings may overheat, causing damage to blood.
Blood damage can lead to hemolysis, clot formation and
stroke. The short useful life of current centrifugal blood
pumps mandates their frequent replacement and is the
single most important problem yet to be solved with
these devices.
[0012] US-PS-4507048 discloses a centrifugal clini-
cal blood pump which comprises a conical housing with
a suction inlet at its apex and an outlet adjacent its base.
A conical rotator is positioned within the housing and is
supported on a shaft whose ends locate within pivots
which co-operate with bearings. No axial movement of
the shaft is possible. US-A-3465681 discloses a mag-
netically-coupled pump which includes an impeller hav-
ing a hub carrying a permanent magnet which consti-
tutes a driven coupling magnet and co-operates with an
externally mounted driving magnet to effect rotation of
the impeller. A similar pump is disclosed in DE-A-
2307226. In neither of these documents is the impeller
shaft permitted to move axially.

SUMMARY OF THE INVENTION

[0013] The present invention provides a centrifugal
pump for pumping biological fluids such as blood adapt-
ed to be coupled with an external source of rotation, the
pump comprising:

a housing defining a pumping chamber and includ-
ing an inlet and an outlet,
a rotatable spindle enclosed within the pumping
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chamber;
an impeller supported on the spindle and including
coupling means for coupling the impeller with the
external source of rotation;
a first journal bearing for rotatably supporting and
receiving one end of the spindle; and
a second journal bearing for rotatably supporting
and receiving the other end of the spindle;
the pump being characterised in that the inner end
surfaces of the journal bearings are spaced apart
by a distance which is greater than the length of the
spindle to define an axial clearance between the op-
posed surfaces of the journal bearings and the spin-
dle.

[0014] Because there are no moving parts which ex-
tend through a wall of the housing, and particularly be-
cause there is no torque-providing shaft which extends
through a housing wall, the present invention has no
seal around a moving part and no opportunity for seal
failure. Because the source of rotation does not contact
the blood, sterility can be ensured. Because the impeller
is constrained both on its inlet and base side from move-
ment in both the axial and lateral directions, there is no
opportunity for dislocation or misalignment of the impel-
ler.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is an exploded perspective view of the
present invention.
[0016] FIG. 2 is a top plan view of the present inven-
tion.
[0017] FIGS. 3A and 3B are top and bottom plan
views of the impeller of the present invention.
[0018] FIG. 4 is a cross-sectional side view of the
present invention as seen from section line 4-4 of FIG. 2.
[0019] FIG. 5 is an cross-sectional side view of an al-
ternate embodiment of the inlet bearing surface of the
present invention.
[0020] FIG. 6 is a cross-sectional top view of the al-
ternate embodiment of the inlet bearing surface as seen
from section line 6-6 of FIG. 5.

DETAILED DESCRIPTION OF THE PREFERED
EMBODIMENTS

A First Embodiment -- FIGS. 1-4

[0021] A preferred embodiment of a centrifugal blood
pump 10 of the present invention is shown in FIGS. 1-4.
Blood pump 10 includes housing 12 which encloses im-
peller 14 and support shaft or spindle 16. Impeller 14
and spindle 16 rotate about axis of rotation 18. Housing
12 has separate parts for ease of assembly, including
upper enclosure 12A and base 12B, which are connect-
ed and sealed together, such as by ultrasonic welding.
[0022] Upper enclosure 12A includes inlet wall 20, cir-

cumferential wall 22, inlet 24, and outlet 26. Base 12B
includes bottom wall 28, cylindrical side wall 30, mount-
ing flange 32, and pedestal 34. Pumping chamber 36
(FIG. 4) is defined as the volume enclosed by inlet wall
20, circumferential wall 22 and bottom wall 28.
[0023] Inlet 24 is a J-shaped tubular member which
has one end 38 attached to inlet wall 20 and an opposite
free end 40. Ridge 42 on an outer surface of inlet 24
facilitates attachment of inlet tubing (not shown) from a
reservoir/oxygenator or from the patient to free end 40
of inlet 24.
[0024] Outlet 26 is a tubular member which extends
from circumferential wall 22 to free end 44. Ridge 46,
adjacent free end 44, facilitates attachment to outlet 26
of outlet tubing (not shown) which leads to the patient.
[0025] As shown in FIG. 3A, impeller 14 rotates about
axis of rotation 18 with a direction of rotation indicated
by arrow R. Impeller 14 has full impeller blades 48 and
short impeller blades 50 which are attached to platform
section 52 of impeller 14. Platform section 52 is disk-
shaped and includes top surface 54, bottom surface 56,
outer cylindrical surface 58 and central circulation hole
60. Full blades 48 extend from hub 62 across central
circulation hole 60 to platform section 52, while short
blades 50 extend only along top surface 54 of platform
section 52.
[0026] As shown in FIG. 3B, bottom surface 56 of plat-
form section 52 contains a plurality of radial grooves 63.
The purpose of grooves 63 is to counteract a tendency
of impeller 14 to shift in the axial direction toward inlet
24 as impeller 14 rotates.
[0027] FIG. 4 shows impeller 14 attached to spindle
16, so that impeller 14 and spindle 16 rotate together
about axis of rotation 18. Inlet end 16A of spindle 16
extends into and rotates within journal bearing 64A.
Base end 16B of spindle 16 extends into and rotates
within journal bearing 64B.
[0028] The constraining mechanism of the present in-
vention is provided by journal bearings 64A and 64B,
which capture and support spindle 16 while permitting
spindle 16 to rotate. Journal bearings 64A,64B are dis-
posed coaxially with and circumferentially around axis
of rotation 18. Journal bearing 64A is press fit into recess
66 in the interior side wall of inlet 24. Journal bearing
64B is press fit into recess 68 in pedestal 34.
[0029] The inner diameters of the recesses of journal
bearings 64A and 64B are slightly greater than the outer
diameters of the respective ends 16A, 16B of spindle
16, so that a small lateral clearance is defined. The dis-
tance between the inner end surfaces of journal bear-
ings 64A,64B is slightly greater than the length of spin-
dle 16, defining a small axial clearance.
[0030] Platform section 52 of impeller 14 contains
magnets 70, which couple with magnets 72 carried by
rotor 74, to rotate impeller 14 and spindle 16 about axis
of rotation 18. Electric motor drive shaft 76 is connected
to rotor 74 and provides torque to rotate magnets 72 and
rotor 74 about axis of rotation 18. Magnets 70 and 72
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couple together so that impeller 14 rotates at the same
speed as rotor 74. The speed of drive shaft 76, there-
fore, determines the speed of impeller 14.
[0031] Impeller 14 is attached to spindle 16 such that
bottom surface 56 of platform section 52 is a small dis-
tance above bottom wall 28. Impeller 14 fits within
pumping chamber 36 to leave clearance between the
top and sides of impeller 14 and upper enclosure mem-
ber 12A.
[0032] Housing 12 is shown in FIG. 4 adjacent thin
mounting surface 78. Housing 12 includes mounting
flange 32, which may facilitate attachment of the hous-
ing 12 to the mounting surface 78. Housing 12 may be
attached to the mounting surface 78 by an attachment
mechanism (not shown) so as to provide correct posi-
tioning of the blood pump 10 with respect to the external
source of rotation (i.e., rotor 74 and magnets 72).

Operation of the First Embodiment

[0033] Blood from the patient enters pumping cham-
ber 36 through inlet 24. As it enters pumping chamber
36, inlet flow is in the axial direction at axis of rotation
18. This orientation and location of inlet flow allows the
blood to make a gentle directional transition without
placing excess forces on the blood. The blood contacts
rotating impeller blades 48 and 50, and is propelled to
and through outlet 26 and back to the patient.
[0034] Blood pump 10 of the present invention is mag-
netically driven by a source of rotation which is external
to pumping chamber 36. Therefore, blood pump 10 of
the present invention does not have a torque-providing
shaft or other part extending through a wall of housing
12. This eliminates the need for a seal and the possibility
of seal wear and leakage.
[0035] The possibility of dislocation or misalignment
of impeller 14 is prevented by spindle 16 being con-
strained in the axial and the lateral directions by journal
bearings 64A and 64B. Bottom surface 56 of impeller
14 does not contact bottom wall 28, preventing any fric-
tion between these surfaces. The clearance between
the top and sides of impeller 14 and enclosure 12A like-
wise prevents any friction between these surfaces.
[0036] The structure of the constraining mechanism
reduces the amount of friction between the rotating spin-
dle 16 and the housing 12. The small lateral clearance
between the ends 16A,16B of spindle 16 and journal
bearings 64A,64B allows for slight lateral movement of
spindle 16 and ensures minimal pressure between
parts. This allows minimal friction and minimal heat
buildup between ends 16A,16B of spindle 16 and journal
bearings 64A,64B. The small axial clearance between
ends 16A,16B of the spindle 16 and the inner end sur-
faces of journal bearings 64A,64B ensures minimal
pressure between parts, again reducing friction and
heat buildup.
[0037] Bearings 64A,64B of the present invention are
located in areas of high blood flow velocity. Base journal

bearing 64B is located by pedestal 34 in the center of
central circulation hole 60. Inlet journal bearing 64A is
located in inlet 24, and is exposed to the inlet flow of
blood into pumping chamber 36. The location of bear-
ings 64A,64B ensures rapid dissipation of any frictional
heat that is created.
[0038] Mounting flange 32 allows blood pump 10 to
be quickly and easily removed, and a new pump can be
quickly and easily attached. Quick and easy removal
and attachment of the pump is useful for the frequent
replacement necessary to ensure sterility. Quick re-
placement also aids in the event of a pump malfunction.
Because the source of rotation does not have to be re-
placed with replacement of the rest of the pump, the cost
of replacement is lowered.
[0039] An important feature of blood pump 10 is the
elimination of the requirement for a shaft seal. It was
described previously that early failure of the shaft seal
is the primary reason for the relatively short operational
life of currently available centrifugal blood pumps.
[0040] Elimination of the shaft seal requires that bear-
ings be designed which can operate effectively in blood.
By using spindle 16 with a minimum diameter consistent
with the required shaft strength, surface velocity is min-
imized. Minimization of surface velocity also minimizes
friction, frictional heat and shear forces, all of which can
cause blood damage and clot formation.
[0041] While a small diameter for spindle 16 is bene-
ficial in reducing blood damage, it also reduces the ar-
eas of spindle 16 which serve as axial thrust bearings,
namely at both ends 16A and 16B of spindle 16. Since
pump 10 is driven by magnetic coupling, there is an axial
load in the direction of the magnetic coupling (i.e., to-
ward rotor 74) when pump 10 is at rest or operating at
low speeds. The use of a magnetic coupling requires a
close proximity of impeller magnet 70 and drive magnet
72. Therefore, the preferred design is to have impeller
blades 48 and 50 only on the side of impeller 14 which
faces the pump inlet 24. This causes an asymmetrical
axial flow across the two faces of impeller 14 and results
in an increasing axial force toward pump inlet 24 as flow
increases (the "lifting force"). The required area of the
axial thrust bearing and hence, the minimum diameter
of spindle 16 is determined by this maximum axial load.
[0042] As shown in FIG. 3B, the lifting force is prefer-
ably counteracted by placing radial grooves 63 in the
base side of impeller 14 to increase the axial flow across
this surface. The use of grooves 63, rather than blades,
does not require increased space between the driven
and drive magnets 70 and 72 (which would require more
or stronger magnets to maintain the same coupling
strength). By proper selection of the number and depth
of grooves 63, pump 10 can be designed such that the
lifting force "floats" impeller 14 such that, within the op-
erating rpm of pump 10, the axial load on both bearings
64A and 64B and both spindle ends 16A and 16B is min-
imal. This reduces frictional heat, blood damage and
bearing wear.
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[0043] In a preferred embodiment, a groove 63 ex-
tends radially between adjacent magnets 70 of opposite
polarity. This is illustrated in FIG. 3B by the polarity sym-
bols "N" and "S".

A Second Embodiment -- FIGS. 5-6

[0044] An alternative embodiment of the present in-
vention is shown in FIGS. 5 and 6. This embodiment has
journal bearing 64A disposed in the center of straight
inlet tube 26'. Journal bearing 64A is supported in cup
90 by struts 92, which extend from cup 90 to the inner
wall of inlet 26'. This allows inlet 26' to remain straight
(rather than J-shaped as in FIG. 1) while still providing
inlet flow in the axial direction at axis of rotation 18.
[0045] Although the present invention has been de-
scribed with reference to preferred embodiments, work-
ers skilled in the art will recognize that changes may be
made in form and detail without departing from the spirit
and scope of the invention. For instance, a stationary
pin going through a central hole in hub 62 of impeller 14
may be substituted for spindle 16, such that the top side
and the bottom side of impeller 14 are constrained from
movement in the axial and lateral directions by the sta-
tionary pin, while impeller 14 remains free to rotate
around the pin. Also, in some embodiments grooves 63
are not required and therefore are omitted.

Claims

1. A centrifugal pump (10) for pumping biological fluids
such as blood adapted to be coupled with an exter-
nal source of rotation (74), the pump comprising:

a housing (12) defining a pumping chamber
(36) and including an inlet (24) and an outlet
(26),
a rotatable spindle (16) enclosed within the
pumping chamber;
an impeller (14) supported on the spindle (16)
and including coupling means (70) for coupling
the impeller (14) with the external source of ro-
tation (72);
a first journal bearing (64A) for rotatably sup-
porting and receiving one end of the spindle
(16); and
a second journal bearing (64B) for rotatably
supporting and receiving the other end of the
spindle;
the pump being characterised in that the inner
end surfaces of the journal bearings (64A, 64B)
are spaced apart by a distance which is greater
than the length of the spindle to define an axial
clearance between the opposed surfaces of the
journal bearings and the spindle.

2. A centrifugal pump as claimed in claim 1 wherein

the coupling means comprises magnetic means
(70) carried by the impeller (14) for magnetically
coupling with the external source of rotation (72).

3. A centrifugal pump as claimed claim 1 or claim 2
wherein the journal bearings (64A, 64B) do not ro-
tate with respect to the housing.

4. A centrifugal pump as claimed in any one of claims
1 to 3 wherein the inlet (24) is tubular and is dis-
posed externally of the pumping chamber (36) and
wherein the first journal bearing (64A) is supported
from the inlet (24).

5. A centrifugal pump a claimed in claim 4 wherein the
inlet (24) is curvilinear.

6. A centrifugal pump as claimed in any one of claims
1 to 5 further comprising means for counteracting a
tendency of the impeller to move axially toward the
inlet when rotating.

7. A centrifugal pump as claimed in any one of claims
1 to 6 wherein the impeller (14) carries blades (48)
on a first side facing the inlet (24) and has a plurality
of grooves (63) on a second, opposite side.

8. A centrifugal pump as claimed in any one of the pre-
ceding claims wherein a lateral clearance is provid-
ed between the ends of the spindle (16) and the op-
posed surfaces of the journal bearings (64A, 64B).

9. A centrifugal pump as claimed in any one of the pre-
ceding claims wherein the first journal bearing (64A)
is embedded in a wall of the inlet (24).

Patentansprüche

1. Zentrifugalpumpe (10) zum Pumpen von biologi-
schen Flüssigkeiten wie Blut, welche mit einem ex-
ternen Drehantrieb (74) verbindbar ist, wobei die
Pumpe aufweist:

ein Gehäuse (12), das eine Pumpkammer (36)
begrenzt und einen Einlaß (24) und einen Aus-
laß (26) aufweist;

eine drehbare Welle (16), die in der Pumpkam-
mer gelegen ist;

ein Flügelrad (14), das von der Welle 16 getra-
gen ist und Verbindungseinrichtungen (70) auf-
weist, um das Flügelrad (14) mit dem äußeren
Drehantrieb (72) zu verbinden;

ein erstes Achslager (64A), das ein Ende der
Welle (16) aufnimmt und drehbar abstützt; und

7 8



EP 0 653 022 B1

6

5

10

15

20

25

30

35

40

45

50

55

ein zweites Achslager (64B), das das andere
Ende der Welle aufnimmt und drehbar abstützt;

wobei die Pumpe dadurch gekennzeichnet
ist, daß die inneren Endflächen der Achslager
(64A, 64B) voneinander durch einen Abstand
getrennt sind, der größer als die Länge der Wel-
le ist, um ein axiales Spiel zwischen den gegen-
überliegenden Endflächen der Achslager und
der Welle zu definieren.

2. Zentrifugalpumpe nach Anspruch 1, wobei die Ver-
bindungseinrichtungen eine Magneteinrichtung
(70) aufweist, die von dem Flügelrad (14) getragen
ist, um diesen magnetisch mit dem externen Dreh-
antrieb (72) zu verbinden.

3. Zentrifugalpumpe nach Anspruch 1 oder Anspruch
2, wobei die Achslager (64A, 64B) relativ zu dem
Gehäuse nicht rotieren.

4. Zentrifugalpumpe nach einem der Ansprüche 1 bis
3, wobei der Einlaß (24) rohrförmig ist und außer-
halb der Pumpkammer (36) gelegen ist und wobei
das erste Achslager (64A) am Einlaß (24) abge-
stützt ist.

5. Zentrifugalpumpe nach Anspruch 4, wobei der Ein-
laß (24) krummlinig ist.

6. Zentrifugalpumpe nach einem der Ansprüche 1 bis
5, die ferner eine Einrichtung aufweist, um einer
Tendenz des Flügelrades, sich bei der Drehung axi-
al gegen den Einlaß hin zu bewegen, entgegenzu-
wirken.

7. Zentrifugalpumpe nach einem der Ansprüche 1 bis
6, wobei das Flügelrad (14) Flügel (48) auf einer er-
sten dem Einlaß (24) zugewandten Seite trägt und
mehrere Nuten auf einer zweiten gegenüberliegen-
den Seite aufweist.

8. Zentrifugalpumpe nach einem der vorhergehenden
Ansprüche, wobei ein seitliches Spiel zwischen den
Enden der Welle (16) und den gegenüberliegenden
Flächen der Achslager (64A, 64B) vorgesehen ist.

9. Zentrifugalpumpe nach einem der vorhergehenden
Ansprüche, wobei das erste Achslager (64A) in ei-
ner Wand des Einlasses (24) eingebettet ist.

Revendications

1. Pompe centrifuge (10) pour pomper des fluides bio-
logiques tels que du sang, conçue pour être cou-
plée à une source externe de rotation (74), la pom-
pe comprenant:

un logement (12) définissant une chambre de
pompage (36) et englobant une entrée (24) et
une sortie 26,
une broche rotative (16) renfermée dans la
chambre de pompage ;
un rotor (14) supporté sur la broche (16) et en-
globant un moyen de couplage (70) pour cou-
pler le rotor (14) à la source externe de rotation
(72) ;
un premier palier de tourillon (64A) pour sup-
porter en rotation et recevoir une extrémité de
la broche (16); et
un deuxième palier de tourillon (64B) pour sup-
porter en rotation et recevoir l'autre extrémité
de la broche ;

la pompe étant caractérisée en ce que les surfa-
ces terminales internes des paliers de tourillons
(64A, 64B) sont espacées les unes des autres sur
une distance qui est supérieure à la longueur de la
broche afin de définir un jeu axial entre les surfaces
opposées des paliers de tourillons et la broche.

2. Pompe centrifuge selon la revendication 1, dans la-
quelle le moyen de couplage comprend un moyen
magnétique (70) supporté par le rotor (14) à des fins
de couplage magnétique avec la source externe de
rotation (72).

3. Pompe centrifuge selon la revendication 1 ou 2,
dans laquelle les paliers de tourillons (64A, 64B) ne
tournent pas par rapport au logement.

4. Pompe centrifuge selon l'une quelconque des re-
vendications 1 à 3, dans laquelle l'entrée (24) est
de forme tubulaire et est disposée à l'extérieur de
la chambre de pompage (36), et dans laquelle le
premier palier de tourillon (64A) est supporté à par-
tir de l'entrée (24).

5. Pompe centrifuge selon la revendication 4, dans la-
quelle l'entrée (24) est de forme curviligne.

6. Pompe centrifuge selon l'une quelconque des re-
vendications 1 à 5, comprenant en outre un moyen
pour s'opposer à la tendance manifestée par le rotor
à se déplacer en direction axiale vers l'entrée lors
de sa rotation.

7. Pompe centrifuge selon l'une quelconque des re-
vendications 1 à 6, dans laquelle le rotor (14) porte
des lames (48) sur un premier coté opposé à l'en-
trée (24) et possède plusieurs rainures (63) sur un
deuxième côté opposé.

8. Pompe centrifuge selon l'une quelconque des re-
vendications précédentes, dans laquelle on prévoit
un jeu latéral entre les extrémités de la broche (16)
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et les surfaces opposées des paliers de tourillons
(64A, 64B).

9. Pompe centrifuge selon l'une quelconque des re-
vendications précédentes, dans laquelle le premier
palier de tourillon (64A) est renfermé dans une paroi
de l'entrée (24).
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